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VEGF and cholangiocarcinoma: Feeding the tumor

Jennifer Cherry-Bohannan', Kimberly Baker'??, Heather Francis"*’

'Division of Research, Central Texas Veterans Health Care System, USA; *Scott & White Digestive Disease Research Center, USA;

*Department of Internal Medicine, Division of Gastroenterology, Scott & White Healthcare and Texas A&M Health Science Center, College
of Medicine, Temple, TX 76504, USA

ABSTRACT

KEY WORDS

The ability for cells to establish a functional and integrated vascular system is critical for proper tissue growth and cellular
homeostasis. Blood vessels provide the essential nutrition and oxygen to cells, however the formation of new blood
vessels can also trigger a detrimental and fatal pathway as tumor cells seek out nutritional support. Tumor vasculature and
the angiogenic process provide malignant cells with the fuel that they need to spread, invade and metastasize into other
organs. "Smart" tumors are able to develop their own blood supply via angiogenic sprouting and vessel formation. Vascular
endothelial growth factor (VEGF) has been targeted as a critical regulator of new blood vessel formation (angiogenesis)
in numerous cancers including the fatal biliary cancer, cholangiocarcinoma. Cholangiocarcinoma is a cancer of bile ducts
or cholangiocytes that is difficult to diagnose and has limited treatment options. Cholangiocytes and cholangiocarcinoma
tumors are nourished by the peribiliary plexus; a vascular bed that influences the regulation of cholangiocyte and
cholangiocarcinoma response via VEGF expression. Due to its proximity to the vascular bed, cholangiocarcinoma has
the ability to metastasize and therefore is regulated by its ability to activate angiogenesis. Besides VEGF, other growth
factors contribute to the angiogenic process and can increase tumor proliferation and cholangiocarcinogenesis, however
VEGEF appears to be the most prominent factor involved in tumor regulation and angiogenesis. VEGF is regulated by
VEGF receptor inhibitors or other signaling pathway inhibitors as well as by specific microRNAs that are able to alter
VEGF receptor and protein expression. The aim of our review is to define angiogenesis and the formation of new blood
vessels and highlight recent studies involving VEGF and cholangiocarcinoma along with new insights into microRNA
regulation of VEGF during tumor growth and development. We will briefly touch on recent clinical studies involving VEGF
and cholangiocarcinoma. In this concise review we hope to give the reader a better understanding of the importance of
angiogenesis and cholangiocarcinoma tumor growth.
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(cholangiocytes) after they become damaged or inflamed beyond

Cholangiocarcinoma

Cholangiocarcinoma (CCA) is cancer that occurs due to the

transformation of the epithelial cells that line the bile ducts
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repair (1-3). Tumors are classified as intrahepatic or extrahepatic
and can occur in any area of the biliary tree (1,2,4). CCA is
the second most common hepatic cancer and is increasing in
incidence in the United States (5). CCA has a serious prognosis
with a high mortality rate because of the difficulty of early
diagnosis and lack of successful treatment strategies (2-4). It is
difficult to diagnose because of the prominence of unspecific or
silent symptoms and CCA is very invasive of many critical organs,
so is often not caught until in the advanced stages (2-4). Often
times when CCA is diagnosed, the cancer cells have proliferated
to a terminal level (4,6). There is a less than 24 months median
survival with a S-year survival rate of less than $% (7). In fact,
13% of the worldwide cancer deaths are from these types of
malignancies (1). Treatment of CCA is limited by its location
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and prognosis. Currently, the only curative treatment is surgery
(total resection), however only if the cancer is diagnosed early
on. Unfortunately, this "treatment” only brings survival rates to
22% and 44% over S years (8-11). CCA is regulated through
hypermethylation of numerous genes (3,12). miR-141 (13),
NFG- (14) and VEGF-C (3) are overexpressed in CCA samples
as well as HDC and histamine receptors (15). Inflammation,
primary sclerosing cholangitis, liver flukes, biliary malformations,
obesity and other liver disease and damage including hepatitis
C and cirrhosis have all been identified as risk factors for CCA
(1,3,4,16-21).

Similar to other tumors, cholangiocarcinoma has the ability
to metastasize and spread into other organs (22). A tumor's
ability to invade other tissues is regulated by cellular events and
signaling including epithelial to mesenchymal transition and
the breakdown of the extracellular matrix (ECM) by specific
proteins like matrix metalloproteinases (23). For tumorigenic
cells to be successful and survive in other organs and tissues
their growth must be supported through the development of
new blood vessels allowing for extra nutrition to be in close
proximity (24). In contrast to normal blood vessel formation
and sprouting, the complexity of tumor spreading often includes
a dysregulation of the usually "normal” processes and signaling

pathways (25).

Angiogenesis influences tumor growth and this could prove to be
especially true with CCA. Cancerous cholangiocytes can stimulate
capillary network growth in order to increase the metabolic and
transportation support for the cell (26). Within the gastrointestinal
tract, and especially in the hepatic system, blood flow is prevalent
and in close proximity to the bile duct epithelial cells (27). The
blood flow in the hepatic system is through the portal veins
and the hepatic artery thus providing an abundance of blood
supply able to give rise to new potential growth (27). Sprouting
angiogenesis, endothelial cell (EC) sprouting and migration, is the
primary method of expanding the vascular network (24). We refer
the reader to Figure 1 [reprinted with permission from Macmillan
Publishers Ltd: (Nature Reviews Cancer, Tumorigenesis and the
angiogenic switch, 2003)] for an elegant representation of tumor
sprouting and angiogenesis. Tumor cells activate expression
of proangiogenic genes like vascular endothelial growth factor
(VEGF) (24). When a tumor is deregulated towards hypoxia,
disturbed VEGF gradients trigger ECs to sprout (24,28). VEGF
binds to VEGF receptors on the targeted ECs and induce a strong
expression signal, which contributes to sprouting of the vascular
vessel wall (24,29). VEGF to VEGF receptor affinity increases

due to interaction with neurophilins (24). These VEGF receptor
expressing ECs, or tip cells, are activated (24). The tip cells are able
to sense hypoxia from the tumor cells and lengthen the filopodia
projections towards them (24). ECs continue to sense the
equilibrium status surrounding the cells, and therefore continue to
regulate growth until equilibrated (24,28). The vessel wall gathers
strength and permeability through the creation of tight junctions
and adherens (24,29). Remodeling angiogenesis follows and the
vessels are covered and stabilized by mural cells (24). Typically,
following remodeling in normal growth, the newly formed vessels
receive blood flow and the rise in oxygen levels shut off the
angiogenesis process (24). In cancer cells, this series of events is
deregulated (24). Tumor cells constantly signal a hypoxia state
because missignaling and morphology disrupt normal processes
causing over expression of proangiogenic factors (24,30). This is a
never-ending cycle (24).

Angiogenic factors

When damage occurs, there are many factors that can regulate
the growth of new blood cells or stop current growth. Some
factors increase, or activate angiogenesis and there are
complementary inhibitors that slow or stop angiogenesis. Both
upregulation of activators and downregulation of inhibitors
are essential for new growth to occur. Critical mediators and
activators of angiogenesis include the growth hormones VEGF,
epidermal growth factor (EGF) and nerve growth factor (NGF).
Other important angiogenic factors include fibroblast growth
factor (FGF), placental growth factor, the angiopoietins and their
receptors, Tiel and Tie2 and finally neuropilin, ephrin and leptin
are being recognized as mediators of angiogenesis and tumor
growth. Our review will touch briefly on EGF and NGF, but will
focus heavily on VEGEF as this growth factor has been implicated
in numerous studies of cholangiocarcinoma tumorigenesis and

angiogenesis.

Growth factors and tumor growth

Research has shown collaborations between angiogenic
factors, such as VEGF, and increased aggressive tumor
behavior, including prognosis and progression. In patients with
cholangiocarcinoma, serum VEGF levels are increased when
compared to normal controls (25). Outside of the normal
occurrences, pathophysiological states can promote angiogenesis
by triggering an increase in angiogenic factors, as is the case with
a carcinoma (24,25,29). Tumor cells trigger angiogenesis by
increasing the expression of growth factors and growth of tumor
cells is directly related to availability of blood (24,30). Cancer



Translational Gastrointestinal Cancer, Vol |, NO | April 2012

97

Dormant

and vessel dilation

D

Continuous sprouting;
new vessel formation and maturation;
recruitment of perivascular cells

’6 )Normal cell
(Q\ Cancer cell

@ Dividing cell

@D Blood vessel with pericyte
Q Apoptosing, necrotic cell

Perivascular detachment

Onset of angiogenic sprouting

Figure 1. The angiogenic switch during tumor development occurs at different stages in the tumor-progression pathway, depending on the

nature of the tumor and its microenvironment. Most tumors start growing as dormant nodules (A) until they reach a continual level of proliferating

and dying cells. The initiation of angiogenesis, or the 'angiogenic switch', must occur to enable exponential tumor growth. The switch begins with

perivascular detachment and vessel dilation (B), followed by angiogenic sprouting (C), new vessel formation and maturation, and the recruitment of

perivascular cells (D). Blood-vessel formation will continue as long as the tumor grows, and the blood vessels specifically feed hypoxic and necrotic

areas of the tumor to provide it with essential nutrients and oxygen (E). [reprinted with permission from Macmillan Publishers Ltd: (Nature Reviews

Cancer, Tumorigenesis and the angiogenic switch, 2003)].

cells survive and multiply but are limited in their ability to grow
by the amount of nutrients they receive, but with the proper
blood supply, tumors can increase growth past the limitations
(24,27,29,30). Angiogenesis also plays an important role in
metastasis, as metastasis is also affected by blood supply and
the availability of supply lends itself to the spread of tumor cells

throughout the body (24,30-32).

Angiogenesis and lymphangiogenesis (the process of the
formation of lymphatic vessels) are critical regulators in the
progression of malignant tumors like cholangiocarcinoma
(33). Previous studies have shown that nerve growth factor-
beta (NGF-beta) can promote the initiation and progression
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of many tumors. In addition, VEGF-C has become recognized
as an important lymphangiogenic factor (34). A recent
immunohistochemical study has shown that nerve growth
factor-beta could contribute to the promotion of node metastasis
and nerve infiltration in human hilar cholangiocarcinoma (14).
Microvessel density (MVD) and lymphatic microvessel density
(LVD) are quantitative features of angiogenesis and have been
studied extensively as a factor to measure angiogenesis and as a
prognostic factor in various malignant tumors. Macrophages and
platelet-derived endothelial cell growth factor (PD-ECGF) also
play important roles in regulating angiogenesis (35). Secretion of
PD-ECGF may contribute to and support cholangiocarcinoma
angiogenesis via activation of liver macrophages existing at the
invasive margin of cholangiocellular carcinoma (35). In studies
of MVD and LVD, a "high" LVD is associated with increased
nodal spread, and "high" LVD tumors more frequently develop
recurrence (33). These features are found in patients with
intrahepatic cholangiocarcinoma (IHC) and may represent
a critical function of tumor-associated angiogenesis and
lymphangiogenesis during the progression of IHC (33). The
anti-inflammatory agent, curcumin has been found to decrease
MVD in cholangiocarcinogenesis as well as decreasing tumor
proliferation and invasion (36). This study has the potential to
be translated into a clinical therapy, as curcumin is a common
product that is found naturally.

Estrogens have been shown to work in a coordinated fashion
with insulin-like growth factor (IGF1) and its receptor (IGF1-R)
to simulate the growth of cholangiocarcinoma (37). Estrogens
also stimulate the expression and secretion of VEGF-A, VEGF-C
and VEGFRs in cholangiocarcinoma cell lines potentially altering
cholangiocarcinoma proliferation and tumor neoangiogenesis
(37). Patients with cholangiocarcinoma have an increased
amount of IGF1 in their bile when compared to healthy controls
(25). It's also been shown that placental growth factor (PGF)
expression is increased in intrahepatic cholangiocarcinoma and
may assist in the promotion of angiogenesis via liver intestine

cadherin (38).

VEGF and cholangiocarcinoma

VEGE is a specific growth hormone that has been shown to
have a large role in angiogenesis. VEGF family members include
VEGEF-A, VEGF-B, VEGF-C and VEGF-D proteins that interact
with VEGF receptors. Placental growth factor (PIGF) has also
been targeted as a member of the VEGF family that participates
in angiogenesis and wound healing, however VEGF-A is the
most important and prominent family member involved in

angiogenesis. VEGF-C is involved in lymphangiogenesis

and VEGEF-B is required for embryonic development and
angiogenesis. VEGF-A binds to VEGF-R1 and R2, whereas
VEGEF-C is activated via the VEGF-R2 and R3. Cholangiocytes
have been found to secrete VEGF and express the VEGF-R2
and -R3 receptors. During a state of cholangiocyte proliferation
(hyperplasia), VEGF secretion and receptor expression is
upregulated (39,40). Increased production of VEGF leads to
more VEGF present in the surrounding tissue where it binds
(via VEGF receptors) to the epithelial cells of the blood vessels.
Once bound, VEGF triggers the cells to release numerous factors
including matrix metalloproteinases (MMPs) that break down
the surrounding extracellular matrix (ECM) (24,28,41). This
degeneration creates space for the epithelial cells to divide and
migrate into. Once a cell has the ability to migrate, a state of
metastasis and invasion begins. This process is detrimental to
the organ and surrounding tissue and factors that can disrupt
this process could be parlayed into treatment options. Recently,
Meng, et al. demonstrated that histamine, via the H4 histamine
receptor is able to inhibit the process of MMP upregulation and
ECM breakdown thus decreasing metastasis potential in human
cholangiocarcinoma (23).

Further studies using histamine and histamine receptors
have demonstrated a critical role for this biogenic amine during
cholangiocarcinoma progression via interaction with VEGF.
Using an H3 histamine receptor agonist, Francis and Alpini,
et al. demonstrated that stimulation of this inhibitory receptor
induces an activation of protein kinase C alpha with subsequent
inhibition of cholangiocarcinoma growth both in vitro and
in vivo (42). Important to our discussion in this review, the
H3 histamine receptor agonist decreased the expression of
both VEGF-A and VEGEF-C along with the VEGF receptors,
VEGF-R2 and VEGF-R3 thus demonstrating a potential role for
inhibition of angiogenesis during cholangiocarcinogenesis (42).
Most recently, the enzyme histidine decarboxylase (HDC) that
catalyzes histidine formation into histamine, has been found to
be overexpressed in human cholangiocarcinoma that correlated
with a significant increase in the angiogenic factors, VEGF-A and
VEGEF-C (15). Inhibition or genetic knockdown of HDC ablated
these tumorigenic effects by decreasing proliferation, lowering
VEGEF expression and diminishing tumor growth in vivo and in
vitro (15).

Besides histamine deactivation or receptor interaction,
other compounds have been found to both decrease
cholangiocarcinoma growth and angiogenesis or metastatic
potential. In a study using the peptide endothelial-1 or ET-1,
the authors found that treatment with ET-1 decreased both in
vitro and in vivo growth of cholangiocarcinoma growth (43).
Further, the receptors of endothelin, ET-A and ET-B were
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both upregulated in tumors and cholangiocarcinoma cell lines
compared to normal controls (43). This study is contradictory
to other studies demonstrating that ET-1 is growth promoting,
however interaction with ET-1 during cholangiocarcinoma
appears to be regulated via upregulation of the receptors and
inhibitors blocking these receptors contributed to tumor
growth (43). Another neurosensory peptide that has been
shown to effectively decrease cholangiocarcinoma growth
and VEGF expression is the inhibitory neurotransmitter,
gamma-aminobutyric acid (GABA) (44). In this study, it was
demonstrated that GABA induces a decrease in tumor growth
and VEGF-A and VEGF-C expression whilst increasing the
apoptotic response of cholangiocarcinoma cells via inhibition of
adenylate cyclase signaling (44).

As we've reviewed, the role of VEGF during angiogenesis
is widely accepted although a study from Tang, et al. could not
find any significant correlation between VEGF, Ang-1 and Ang-
2, expression and tumor size, capsule formation, infiltration
of capsule, portal vein invasion, intrahepatic metastasis or
CCC differentiation (45). Limitations of this study include
the identification and distinction of which VEGF protein and
receptor the authors examined along with the conclusion that,
although VEGF was not altered, they observed a higher rate
of angiogenesis in cholangiocarcinoma samples compared to
control (45). Studies involving VEGF-regulation of angiogenesis
remain to be elusive, however evidence strongly suggests that
VEGEF is a key mediator of angiogenesis during tumor formation
and growth.

microRNA regulation of VEGF

Advancements in science and research have brought our
understanding of cancer progression and tumor angiogenesis
to new heights over the years and most recently the role or
microRNAs has been at the forefront. It has been recognized
that microRNAs might participate in the process of angiogenesis
by activating angiogenic factors and the angiogenic switch (46).
microRNAs are small, non-coding RNAs that are believed
to influence many cellular activities including proliferation,
differentiation and potentially in angiogenic activity (47). Here
we will discuss briefly the regulation of VEGF by microRNAs in
a broad sense and not specifically targeting cholangiocarcinoma.
Although the majority of the studies are not specifically
in cholangiocarcinoma, we believe that these studies are
forthcoming and will be critical to development therapies
for cholangiocarcinoma. A recent review has highlighted the
potential importance of microRNAs and the regulation of

the angiogenic switch (47). This review implicates several

microRNAs including miR-126, miR-296, miR-132 and miR-92a
as participating in the regulation of angiogenesis (47). miR-126
and its complement, miR-126* may promote the progression
of cancer, which could involve the development of blood vessel
growth and inflammation (48). In a study by Chamorro, et al.
the authors found that specific microRNAs, miR-16 and miR-
424 may regulate angiogenic processes in endothelial cells
(49). Specifically, they found that the expression of VEGFR2
and FGFRI1 (induced by miR-16 or miR-424 overexpression)
regulated VEGF and FGF signaling through these receptors.
Regulation of VEGF and FGF signaling resulted in reduced
cell migration and proliferation and further overexpression of
miR-16 diminished the ability of ECs to form blood vessels
in vivo, thus decreasing the success of angiogenesis (49). In
human breast cancer, miR-126 expression was found to be
downregulated and able to target VEGF-A. Overexpression of
miR-126 decreased VEGF signaling activity suggesting that this
miR regulates breast cancer tumorigenesis and angiogenesis (50).
In pancreatic cancer [a close relative of cholangiocarcinoma
(REF)], overexpression of miR-20a reduced cell proliferation
and invasion in two pancreatic cell lines suggesting that miR
regulation could offer an alternative to current pancreatic cancer
treatment (51). Collectively, these important studies lend
another layer of both complication and potential regulation

during tumor angiogenesis.

Clinical implications of VEGF inhibition

Because of the important role that VEGF plays during
angiogenesis it has been targeted as a potential therapeutic target
and clinical implications of VEGF inhibition may aide in the
treatment of cholangiocarcinoma. A recent study has found that
sorafenib, a multikinase inhibitor, which acts primarily through
inhibition of VEGF and platelet-derived growth factor (PDGF)
receptors, exhibited potent antitumor activity in hepatocellular
cancer cells (52). Further, oral administration of sorafenib has
been shown to prolong survival and decrease tumor growth in
intrahepatic cholangiocarcinoma mouse models (53). Another
study has shown that sorafenib sensitizes cholangiocarcinoma
cells to undergo apoptosis and in an orthotopic syngeneic
CCA model in rats, sorafenib significantly decreased tumor
progression (54). These studies suggest that the VEGF inhibitor,
sorafenib may offer a therapeutic advantage to patients suffering
from cholangiocarcinoma.

The specific VEGF-R2/EGEFR inhibitor, vandetanib
(ZD6474, ZACTIMA) has also been found to be clinically
relevant in blocking VEGF expression and decreasing

angiogenesis and cholangiocarcinoma tumor growth. This drug
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is orally available and currently in Phase 1 clinical development
for cancer treatment (55). Vandetanib treatment decreases
both tumor growth in a cholangiocarcinoma xenograft mouse
model and prolonged the time for the tumor to metastasize
demonstrating its effectiveness as a potential option for therapy
(56). In both gastric and colon cancer cells, vandetanib was
also found to reduce soft-agar colony formation and in nude
mice implanted with colon cancer cells, vandetanib diminished
tumor growth in a dose-dependent manner (55). The antitumor
activity of vandetanib in colon tumor xenografts is enhanced
when combined with the drug paclitaxel, (a therapeutic cancer
treatment also referred to as Taxol®) and tumor regression
was found in all animals after treatment with vandetanib plus
paclitaxel, and this was accompanied by a significant inhibition
of angiogenesis (55). A further study using colon cancer
xenografts found that when in combination, the potent VEGF
receptor inhibitor, vandentnib and cetuximab, an anti-EGFR
blocking monoclonal antibody, a more significant tumor growth
delay resulted with an increase in mice median overall survival
as compared to single agent treatment (57). As stated, EGFR
and VEGF play an important role in cholangiocarcinoma and
other GI cancer growth. Enhanced cyclooxygenase-2 (COX-2)
expression has been linked to cancer cell proliferation (including
cholangiocarcinoma growth (36,58)), EGFR activation, VEGF
secretion, and tumor-induced angiogenesis (59). Vandetanib
(ZD6474) was combined with a COX-2 inhibitor, SC-236,
and colon cancer growth was examined. In cancer xenografts
treated with ZD6474 and/or SC-236 for 3 weeks, reversible
tumor growth inhibition was found with each agent, whereas an
increased prolonged inhibitory effect (lasting 3-5 weeks) resulted
from the combination of the two agents (59). Further, 10-week
treatment with ZD6474 plus SC-236 resulted in sustained tumor
growth inhibition in all mice with tumor eradication in 3 out of
10 colon tumor-bearing mice (59). As cholangiocarcinoma is
similar in morphology and progression to colon cancer (4), it is
likely that these therapeutic agents will induce similar responses
in cholangiocarcinoma cells and tumors. Taken together, these
studies strongly suggest that inhibition of VEGF receptors (alone
and in combination with other inhibitors) may be key to the
eradication of cholangiocarcinoma or, at minimum, provide

prolonged survival time in patients struggling with this disease.

Concluding remarks

As we have reviewed, cholangiocarcinoma tumors are in close
proximity to their blood supply because they require the
nutrients, oxygen, and waste removal functions that the vascular

system provides for continued life and proliferation. These

tumors are able to generate their own blood supply by increasing
the expression of VEGF and VEGF receptors. This process
allows cholangiocarcinoma to become invasive and metastatic.
Regulation and inhibition of VEGF and VEGF receptors by
hormones, peptides and microRNAs provides new therapeutic
insights into treatment options for patients suffering from

cholangiocarcinoma.
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